Introduction
The electro-optic properties of quantum wells are very different from that of single layered materials. form. In particular, the contribution of the excitonic part is discussed. The data is the first ever reported (i) detailing the effects of strain on the electro-optic coefficients and (ii) calculating the effect of strain on the electro-optic coefficients with the inclusion of excitons.
Theory
To model the optical properties of semiconductor quantum wells it is important to include the strong coupling between the heavy hole (HH, 1 $, kg)), and light hole (LH, 1 :,k+)) states; the conduction band may be treated in the parabolic approximation. We account for the valence band coupling by using the 4x4 k . p
Hamiltonian.
The effect of strain is incorporated by including a splitting 6 between the light and heavy hole diagonal elements. For In,Gar_,As grown on GaAs and Ino,ss+,Gac,4r_,As grown on InP it is given (in eV) by 6 = -5.966c. where the lattice mismatch E is related to Superlattices and Microstructures, Vol. 8, No. 3, 1990 the excess In composition z by E = -0.072. s This splitting reduces the off-diagonal mixing between the HH and LH states and changes the effective masses of the holes. In addition, the strain-induced splitting dramatically changes the difference between the light and heavy hole subband energies.
We solve the Hamiltonian in the presence of strain and electric fields by using a finite difference numerical technique. 6 We also solve for the electron states in the presence of fields and compute the transition energies shown in Fig. 1 . We see that the electric field shifts both the light and heavy hole transition energies quadratically (the quantum confined Stark effect). In addition, we see that the strain strongly affects the zero-field transition energies for heavy and light holes. In the lattice matched results of Fig. l(a) the light hole bandgap is slightly larger than that of the heavy hole because of the larger quantization energy associated with its lighter mass. The application of compressive strain, though, greatly increases this separation; applying tensile strain reduces the light hole energy belom that of the heavy hole. The splitting strongly influences the optical properties because of the polarization dependence of the selection rules applying to optical transitions.
TE mode (?-polarized) light couples three times more strongly to HH states than to LH states and TM mode (i-polarized) light couples only to the LH states;' growth is done in the z-direction. Hence, the 
and perform the Kramers-Kronig transform by using the 
Experimental Techniques
Experiments were performed with In,Ga,_,As/ Alo,zGac,sAs (0 5 z < 0.09) MQW p-i-n structures grown by MBE to study the effect of compressive strain. Ino.ss*.ZGao.~,~,As/InGaAsP MQWs, grown by MOCVD, were used to measure the effect of compressive and tensile strain.
The thickness of the MQW region is chosen such that it remains in the pseudomorphic regime. The effect of the strain should therefore be only on the well region of the MQW. We have fixed the energy difference between the excitation and the excitonic peak to be -90 meV and 15 meV for the In,Gai_,As/Alc,zGaosAs and the In 0.5sflGa0.11yrAs/InGaAsP systems, respectively. By fixing the excitation distance, we can extract the effect of the strain on the electro-optic coefficients.
The electro- 
where The values of Fi and Is in our samples are 0.12 and 0.15, respectively. Variations of I1 and rz with wavelength are assumed to be small and the junction electric field is assumed to be constant.
Results and Discussion
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The values of the linear and quadratic electro-optic coefficients obtained by fitting the data to Eqn. 4 are given in Table 1 for the InGaAs/AlGaAs samples. The values obtained for the InGaAs/InGaAsP system are listed in Table 2 . For both quantum well systems, the data indicates an increase in the electro-optic coefficients with the use of compressive strain. The major change, though, is manifested in the quadratic electro-optic coefficient Rs-R,s.
In addition, the data for the Ins4sGa,,5sAs/InGaAsP system shows a decrease in the electro-optic coefficients.
We have theoretically formulated the changes in the refractive index due to strain and find that our experimental results are in agreement with the calculated values. Figure 2 shows the experimentally measured data and the theoretically calculated results for the InGaAs/AlGaAs system. Figure 3 shows phase change as a function of applied field for the InGaAs/InGaAsP systems. We are currently calculating the changes in the refractive indices for the InGaAs/InGaAsP system and do not present them at this time.
Conclusion
We report the effect of strain on the refractive inPhase difference between TE-and TM-like modes 
